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PURPOSE: To provide a method of manufacturing a 
semiconductor device that has excellent electrical characteristics 
and has an improved hot carrier life, by optimizing the amount of 
hydrogen present in a gate oxide film to completely terminate 
dangling bonds present on the surface of the semiconductor 
substrate and to prevent the presence of excessive oxygen. 
CONSTITUTION: Heat treatment is performed after the 
formation of desired elements on a silicon substrate 1 and before 
the formation of a silicon nitride film 21 as a protective film. The 
heat treatment is performed at a temperature between 350-450°C 
inclusive for a period between 10-1 30min inclusive. A mixed gas, 
composed of hydrogen and nitrogen, is used as an atmospheric 
gas with the hydrogen content between 5-20vol% inclusive. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A manufacture method of a semiconductor device characterized by performing heat treatment for 
1 0 minutes or more and 130 minutes or less vising mixed gas which consists of hydrogen and nitrogen and 
contains the hydrogen concemed in the range below 20 volume % more than 5 volume % as a controlled 
atmosphere at temperature of 350 degrees C or more and 450 degrees C or less before the maximum upper 
layer of a protective coat forms said sihcon nitride in a manufacture method of a semiconductor device which 
consists of a silicon nitride. 
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♦NOTICES* 

Japan Patent Ofiice is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words arc not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturc method of a semiconductor device, and relates to the 
manufacture method of the semiccffiductor device an electrical property and whose hot carrier resistance improved especially. 
[0002] 

[Description of the Prior Art] The gate length of a semiconductor device is becoming short with detailed-izing and high 
integration of tiie former to a semiconductor device. If this gate lengfli becomes short, it will write in also on the same write-in 
voltage, the electric field of the gate at the time will become veiy high, energy with the expensive carrier p>assing through that 
will be obtained, and an ionization by collision will come to h^pea This was called the hot carrier phenomenon and had 
caused property deterioration of an MOS (Metal Oxide Semiconductor) transistor. 

[0003] Then, the MOS transistor which equipped "IEEE Trans^lectron Devices ED VOL.27, No.8, pl359-1376 (August 
1980); IEEE, transaction erection RONDIBAISUZU I dee, 27 volumes, a number 8, and the 1359-1376th page (August, 
1980)" with the LDD structure which controls a hot carrier phenomenon by weakening the electric field in the depletion layer 
in the edge of a source field and a drain field is introduced. 

[0004] The MOS transistor equipped with this LDD structure is fonned by the foUoMong methods. After forming a gate 
electrode through gate oxide on a silicon substrate (semiconductor substrate), the ion implantation of the low-concentrafion 
impurity is carried out to a silicon substrate by using the gate electrode concerned as a mask, and a low concentration impurity 
diffused layer is formed in the source field and drain field under a gate electrode. 

[0005] Next, after forming a sidewall in the side of said gate electrode, a thermal oxidation film is formed in the whole sur&ce 
as silicon oxide for ion implantations for the high concentration impurity diffusion stratificatioa Subsequently, it considers as 
the silicon oxide for ion implantations of a high-concentration impurity which pours this thermal oxidation film into a source 
field and a drain field selectively behind, the ion implantation of the high-concentration impurity is carried out to a silicon 
substrate by using a gate electrode and a sidewall as a mask, and a high concentration impurity diffused layer is formed in the 
source field and drain field under a gqle electrode. 

[0006] Next, after forming silicon oxide in the whole surface, a BPSG (Boron Phospharus Silicate Glass) film is formed fiirther, 
and after it carries out a reflow of this and it carries out flattening in 900 degrees C and nitrogen gas, an SOG (Spin on Glass) 
film is formed in the vsiiole surfece. Subsequentiy, after carrying out etchback of the whole surfece, while carrying out the 
opening of the contact hole to a request location, carrying out the spatter of the wiring material film and embedding said contact 
hole, a metal wiring film is formed. 

[0007] Next, after carrying out patterning of the metal wiring film and forming a PSG film (Phosho Silicate Glass; silicon 
oxide including Lynn) in the vAiole surface with a CVD method, the last protective coat which consists of a silicon nitride is 
formed, and an MOS mold semiccoiductor device is completed. The semiconductor device equipped with the MOS transistor 
which has this LDD stmcture has the structure v/here the low concentration impurity diffused layer was formed in the edge of a 
source field, and the edge of a drain field. And the electric field in this portion could weaken, impregnation of a hot carrier was 
controlled by this low concentration impurity diffused layer, and it has the advantage that an element life improves. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when said MOS mold semiconductor device had few amounts of the 
hydrogen which exists in g9te oxide, termination of the dangling bond (uncombined hand) which exists in a semiconductor 
substrate fiont face (interface of a semiconductor substrate and g3te oxide) could not be carried out thoroughly, but the trap of 
the electron was carried out to this dangling bond that has not earned out termination during actuation of a transistor, and it had 
tiie problem that threshold voltage varied. 

[0009] On the other hand, if there are too many amounts of the hydrogen vsdiich exists in g^te oxide, also after carrying out 



termination of the dangling bond which exists in a semiconductor substrate front face thoroughly by hydrogen, si^rQuous 
hydrogen will remain in gate oxide. And reacted with the carrier in which this hydrogen that remained had the high energy 
generated during actuation of a transistor, the interface state density in a semiconductor substrate was made to increase, and 
there was a problem of reducing a hot carrier life (hot carrier resistance). 

[0010] And when a plasma-silicon nitride is especially formed in the maximum upper layer of a protective coat. The hydrogen 
which exists so much in the plasma-silicon nitride concerned is supplied into gate oxide, and this superfluous hydrogen reacts 
with a carrier with the high energy generated during actuation of a transistor Report of making the interface state density in a 
semiconductor substrate increasing, and reducing a hot carrier life "IEEE ED vol.28 p83-94 (1918); it is carried out by Fair and 
Sun in IEEE, 1 dee, 28 volumes, and the 83rd - 94-page (1 981)." 

[001 1] This invention aims at oflFering the method of manufacturing the semiconductor device whose hot carrier life is making 
to solve such a conventional trouble into a technical problem, and making into the optimal value the amount of hydrogen 
which exists in gate oxide, prevented superfluous hydrogen having existed while carrying out termination of the dangling bond 
which exists in the interface of a semiconductor substrate and gate oxide thoroughly, and was equipped witii the outstanding 
electrical property, and improved. 
[0012] 

[Problem(s) to be Solved by the Invention] In the manufacture method of a semiconductor device that the maximum upper 
layer of a protective coat consists of a silicon nitride, as for this invention in order to attain this object Before forming said 
silicon nitride, it consists of hydrogen and nitrogen as a controlled atmosphaie. The mixed g3S vsiiich contains more than 5 
volume % (that is, nitrogen under 95 volume %) and hydrogen for the hydrogen concemed in the range below 20 volume % 
(that is, nitrogen exceeds 80 volume %) is used. And at the temperature of 350 degrees C or more and 450 degrees C or less 
The manufacture method of tiie semiconductor device characterized by performing heat treatment for 10 minutes or more and 
130 minutes or less is offered. 
[0013] 

[Function] Before the manufacture method of the semiconductor device concerning this invention forms a silicon nitride, as a 
controlled atmosphere from hydrogen and nitrogen — becoming — and the hydrogen concemed — more than 5 volume % (that 
is, nitrogen under 95 volume %) - and The mixed gas which contains hydrogen in tiie range below 20 volume % (that is, 
nitrogen exceeds 80 volume %) is used At the temperature of 350 degrees C or more and 450 degrees C or less In order to 
perform heat treatment for 10 minutes or more and 130 minutes or less, the dangling bond which exists in the interface of a 
semiconductor substrate and gate oxide While termination is thoroughly carried out together with the hydrogai contained in 
tile silicon nitride as the maximimi upper layer of tiie protective coat formed after tiiat, it is prevented that excessive hydrogen 
exists in gate oxide. 

[0014] Moreover, after adjusting the amount of hydrogen which carries out termination of said all dangling bonds, and exists in 
g3le oxide, in order to form a silicon nitride as a protective coat, this silicon nitride prevents trespass of the moisture from tiie 
outside. For tills reason, the relation of said dangling bond and hydrogen is held semipermanentiy. Hereafter, the 
oiticalily-meaning of said numeric value is e?q>lained. 

The hydrogen content of "controlled atmosphere will not be able to carry out termination of the dangling bond wiiich exists 
that the hydrogen content of* controlled atmosphere is under 5 volume % below 20 volume % in a semiconductor substrate 
front face more tiian 5 volume % thoroughly by hydrogen, but during actuation of a transistor, tiie trap of the electron is carried 
out to this dangling bond that has not carried out termination, tiireshold voltage will vary or a mutual conductance (Gm) will 
fall. For this reason, the electrical characteristics of a semiconductor device will get worse. 

[0015] On the other hand, if the hydrogen content of said controlled atmosphere exceeds 20 volume %, after canying out 
termination of the dangling bond wdiich exists in a semiconductor substrate fiont fece thoroughly by hydrogen, unnecessaiy (it 
is sq^erfluous) hydrogpn exists in gate oxide, will react with the carrier in which tiiis hydrogen had the high energy generated 
during actuation of a transistor, the inter&ce state density in a semiconductor substrate will be made to increase, and a hot 
carrier life will be reduced. 

[0016] It is prevented that termination is carried out thoroughly and excessive hydrogen invades into gate oxide together with 
the hydrogen which makes tiie dangling bond witii wdiich tiie hydrogen content of a controlled atmosphere exists that it is 
below 20 volume % in a semiconductor substrate front face more than 5 volume % contain in the silicon nitride as the 
maximum upper layer of the protective coat formed after that Therefore, more than 5 volume % (nitrogen concentration under 
95 volume %) and the hydrogen concentration of a controlled atmosphere were limited for the hydrogen concentration of said 
controlled atmosphere to the range below 20 volume % (nitrogen concentration exceeds 80 volume %). 
Even if it double the hydrogen to vMch tiie dangling bond witii whidi "heat treatment temperature exist ttiat it be 350 degrees 



C or more, and the less than [ 450 degree C ]" aforementioned heat treatment temperature be less than 350 degrees C in a 
semiconductor substrate fix)nt face be supply fix^m the silicon nitride of that aftercare film, termination will not be able to be 
cany out thoroughly, but during actuation of a transistor, the trap of the electron be carry out to this dangling bond that have not 
cany out termination, threshold voltage will vary or a mutual conductance (Gm) will fall. For this reason, the electrical 
characteristics of a semiconductor device will get worse. 

[0017] On the other hand, if said heat treatment temperature exceeds 450 degrees C, since a void will be occurred and 
disconnected in wiring by the stress migration, temperature cannot be made higher than 450 degrees C. It is prevented that 
termination of the dangling bond with which heat treatment temperature exists that they are 350 degrees C or more and 450 
degrees C or less in a semiconductor substrate fiont face is thoroughly carried out by hydrogen, and excessive hydrogen exists 
in gate oxide. Furthermore, an open circuit of wiring by the stress migration is not generated, either. 

[0018] Therefore, the temperature of said heat treatment was limited to the range of 350 degrees C or more and 450 degrees C 
or less. 

Termination of tiie dangling bond with which "heat treatment time amount exists that 10 minutes or more and the less dian 
[ 130 minute ]" aforementioned heat treatment time amount are less than 10 minutes in a semiconductor substrate fix)nt face 
will not be able to be thoroughly carried out by hydrogen, but during actuation of a transistor, the trap of the electron is carried 
out to this dangling bond that has not carried out termination, threshold voltage will vary or a mutual conductance (Gm) will 
fall. For this reason, the electrical characteristics of a semiconductor device will get worse. Moreover, the time management of 
heat treatment becomes difScult and it is not practical. 

[0019] On the other hand, if said heat treatment time amount exceeds 130 minutes, after canying out termination of the 
dangling bond which exists in a semiconductor substrate front face thoroughly by hydrogen, unnecessary (it is superfluous) 
hydrogen exists in gste oxide, will react with the carrier in which this hydrogen had the high eneigy generated during actuation 
of a transistor, the interface state density in a semiconductor substrate will be made to increase, and a hot carrier life will be 
reduced. Moreover, heat treatment time amount will be too long, and productivity will fall substantially. 
[0020] It is prevented that termination of the dangling bond witii which heat treatment time amount exists that they are 10 
minutes or more and 130 minutes or less in a semiconductor substrate front face is thoroughly carried out by hydrogen, and 
excessive hydrogen exists in g3te oxide. Therefore, the time amount of said heat treatment was limited to the range for 10 
minutes or more and 130 minutes or less. 
[0021] 

[Example] Next, one example concerning this invention is Qxplsmod wdth reference to a drawing. Drawing 1 thru/or drawings 
are the fragmentaiy sectional views showing a part, of manu&cturing process of the semiconductor device concerning one 
example of this invention. At the process shown in drawing 1 , the p type silicon substrate 1 is oxidized, about 500A silicon 
oxide is formed, and a silicon nitride is formed with a CVD method on this. 

[0022] Next, in order to etoh said silicon nitride and to form n mold MOS transistor, the boron (B) of about [ 1 2xl013cm - ] 
two dose is poured in, and p wells 2 are formed Next, it heat-treats to said p type siHcon sub 1,B is diffiised, and two field 
is extended p wells. 

[0023] Subsequently, after etching said silicon oxide and forming a pad oxide film, a silicon nitride is formed with a CVD 
method on this. Next, the silicon nitride formed in fields other than an element active region (transistor formation field) is 
removed selectively. Subsequentiy, the ion implantation of the channel stopper ion is selectively carried out to the non-active 
region of said p type silicon substrate 1 , and a channel stopper 3 is formed in it 

[0024] Next, it oxidizes thermally to said p type silicon substrate 1 by using as a mask the silicon nitride formed on said 
element activation field, field oxide 4 with a thickness of about 60bOA is formed in a non-active region, and separation between 
elements is performed. Then, said silicon nitride is removed. Subsequentiy, at the process shown in drawing 2 , the ion 
implantation of tiie boron fluoride for threshold adjustment (BF2) is carried out to the channel field of the p type silicon 
substrate 1 obtained at the process shown in drawing 1 with about [ 3.3xl012cm - ] two dose. Next, gfrte oxide 5 is formed on 
the p type silicon substrate 1 after exfoliating a pad oxide film. 

[0025] Next, the polycrystalline silicon film 6 is formed with a CVD metiiod as a gate electrode formation material on gate 
oxide 5. Subsequentiy, P is doped on the polyoystalline silicon film 6, and resistance of tiie polycrystalline silicon film 6 is 
lowered to it Next, at tiie process shown in dravying3 , the polyciystalline silicon film 6 obtained at tiie process shown in 
drawing 2 is etehed selectively, and the gate electrode 7 is formed 

[0026] Subsequentiy, the ion implantation of the P of about [ 2.0x1013cm - ] two dose is carried out all over p wells 2 by using 
the gate electrode 7 as a mask, and it is n. - A dilBusion layer 10 and n - A difiiision layer 11 is formed. Subsequentiy, at the 
process shown in drawing 4 , it etohes into gate oxide 5 by using as a mask tiie gate electrode 7 obtained at the process shown 



in drawings , and the source field and drain field of the p type silicon substrate 1 are exposed. 

[0027] Next, n after forming silicon oxide in the whole surface with a CVD method - A difiusion layer 10 and n - Etchback of 
the silicon oxide concemed is carried out, and a sidewaD 8 is formed in the side of the gate electrode 7 until p type silicon 
substrate 1 front face corresponding to a diffusion layer 11 is exposed. Subsequently, at the process shown in drawing 5 , the 
silicon oxide 9 for the impurity ion implantations for forming the high concentration impurity diffused layer performed behind 
all over the wafer obtained at the process shown in drawing 4 is formed. 

[0028] Next, at the process shown in drawing 6 , the silicon oxide 9 obtained at the process shown in drawing 5 is made into 
the silicon oxide for ion implantations for forming a high concentration impurity diffused layer (it being called "n*- diffusion 
layer" in this example), and the ion implantation of the arsenic (As) of about [ 3x1 01 5cm - ] two dose is carried out all over the 
p well 2 by using the g^le electrode 7 and a sidewall 8 as a mask through fliis silicon oxide 9. 

[0029] Thus, it is rH- to p wells 2. Diffusion layers 12 and 14 are formed and it is n. - A diffusion layer 10 and n+ The source 13 
which consists of a diflftision layer 12, n - A diffusion layer 1 1 and nrH The drain 15 which consists of a diffusion layer 14 was 
formed. Next, in the process shown in drawing 7 , silicon oxide 16 is formed at low temperature on silicon oxide 9. 
[0030] Subsequently, after forming the BPSG film 17 on silicon oxide 16, heat treatment for 15 minutes is performed at 900 
degrees C, and flattening of the BPSG film 17 is performed. Next, the BPSG film 17, silicon oxide 16, and silicon oxide 9 are 
etched selectively, and the opening of the contact hole 1 8 to a transistor is carried out Subsequently, at the process shown in 
drawing 8 , all over the wafer obtained at the process shown in drawing 7 , in the contact hole 18, while embedding an 
aluminum (aluminum) alloy, the metal wiring film which consists of an aluminum (aluminum) alloy is formed by the spatter. 
[0031] Next, after performing patterning on said metal wiring film and forming wiriiig 19, the PSG fikn 20 is formed in the 
whole surface with a CVD method. Subsequently, heat treatment for 10 minutes or more and 130 minutes or less is perfonned 
using the mixed gas which consists of hydrogen and nitrogen, and contains hydrogen above 5 volume % (that is, nitrogen 
under 95 volume %), and contains hydrogen in the wafer with which the PSG fihn 20 was fomied as acontroUed atmosphere 
in the range below 20 volume % (that is, nitrogen exceeds 80 volume %) at the temperature of 350 degrees C or more and 450 
degrees C or less. 

[0032] Termination of all the dangling bonds that existed in the interface of p wells 2 and gate oxide 5 is thoroughly carried out 
by the hydrogen supplied by this process and the hydrogen supplied fiom ttie silicon nitride formed in the maximum uppCT 
layer. ThCTefore, the outstanding mutual conductance (Gm) is obtained and can obtain the stable threshold voltage. Moreover, 
after all the dangling bonds carry out termination, it can prevent that excessive hydrogen exists in gate oxide 5. Therefore, the 
conventional problem of reacting with the carrier in which the excessive hydrogen which remained had the high eneigy 
generated during actuation of a transistor, and making the interfece stale density in a semiconductor substrate increase does not 
occur. For this reason, a hot carrier life can be improved. 

[0033] Subsequentiy, after ending this heat treatment, the silicon nitride 21 is formed on the PSG film 20. Next, it etches into 
this silicon nitride 21, thickness is adjusted, and the passivation film 22 of predetennined thickness which consists of a PSG 
fihn 20 and a silicon nitride 21 is formed. Thus, the semiconductor device equii^)ed wifli n mold MOS transistor which has 
LDD stnicture was obtained. 

[0034] In addition, although the semiconductor device equipped with n mold MOS transistor which has LDD structure was 
manufectured in this example, not only this but this invention of the ability to apply also about the usual MOS transistor which 
is not equipped with LDD structure is natural. Moreover, of course, it can apply also about p mold MOS transistor irrespective 
of n mold MOS transistor. What is necessaiy is just to cany out the ion implantation of the p mold impurities, such as B, at this 
time. 

[0035] Furthermore, this invention of the ability to apply also about the semiconductor device equipped with complementarity 
MOS g3lvani2ed iron JISUTA equipped witii n mold MOS transistor and p mold MOS transistor on the same substrate and 
other stmctures is natural. Moreover, in this example, although the km implantation of the P was carried out as an impurity at 
the process shown in drawing 3 , not only this but As etc. may carry out flie ion implantation of other n mold impurities. 
[0036] And in this example, although the ion implantation of the As was carried out as an impurity at the process shown in 
drawing 6 , not only this but P etc. may cany out the ion implantation of other n mold impurities. And altiiough the passivation 
film 22 equipped with the two-layer stmcture which consists of a PSG film 20 and a silicon nitride 21 was formed at the 
process diown in drawing 8 , not only this but the passivation film 22 is good in this ^ 

layers again, if the silicon nitride 21 is fonned in the maximum iqjper layer. Moreover, a request may constitute o 
silicon nitride 21. 

[0037] And this example is one example and tiie size of the amount of ion implantations at the time of the icn implantation of 
an impurity, tiie amount of eneigy, and various elem^its etc. is not limited to this again. Next, at the same process as said 



example, heat treatment temperature was performed as 350 degrees C at the process shown in drawing 8 , and it carried out as 
conditions which show the hydrogen concentration (volume %) and heat treatment time amount of a controlled atmosphere of 
heat treatment in this temperature in a table 1. Gate length =0.5micrometer, gate width = the 1 5-micrometer semiconductor 
device was manufactured. 

[0038] Next, it investigated by the method of showing below the hot carrier life of the semiconductor device with which this 
heat treatment was performed. The hot carrier life was computed by measuring the impression time amount of EX: stress after 
carrying out fixed time amount impression of the DC stress, until it measures a mutual conductance (Gm) to each 
semiconductor device which manufactured by performing various heat treatments, it asks it for that maximum by Vd=0.1 V 
and this maximum of Gm turns into 90% of the value at the time of a no-load to it. 

[0039] Subsequently, the hot carrier life of 3.6V which are real operating voltage was computed fix)m tfie relation between the 
hot carrier life in the voltage in each DC stress, and the inverse number of DC stress voltage. This result is shown in a table 1 . 
In addition, the mark in a table "x" shows having not performed actuation with a normal transistor, 
[0040] 
[A table 1] 



(HEAT TREATMENT TEMPERATURE = 350°C) 



HEAT TREATMENT TIME 


5 MINUTES 


10 MINUTES 


130 MINUTES 


150 MINUTES 


2 VOLUME % 


X 


X 


X 


X 


5 VOLUME % 


X 


1 6. 3 YEARS 


1 3. 5YEARS 


8. 7YEARS 


2 0 VOLUME % 


X 


I 3. 4 YEARS 


1 2. 1 YEARS 


7. 4 YEARS 


2 5 VOLUME % 


7. 3 YEARS 


5. 4YEARS 


a 6 YEARS 


2. 2YEARS 



[0041] It was checked that a hot carrier life is ten years or more, and the semiconductor device (semiconductor device 
concerning this invention) with which heat treatment temperature was 350 degrees C, and the hydrogen content (volume %) 
used the controlled atmosphere which is below 20 volume % more than 5 volume %, and performed heat treatment for 10 
minutes or more and 130 minutes or less can fiiUy be home fix)m a table 1 at a actual activity. In order to be equal to a actual 

activity here, it is well-known that ten years or more of hot carrier life is required. 

[0042] This is because it was prevented that termination of the dangling bond which exists in p type silicon substrate 1 fi^ont 
face is thoroughly canied out by this invention by hydrogen, and excessive moisture invades fiom the outside into gate oxide 5 
afto* this termination. On the other hand, even if heat treatment time amount fiilfilled the conditions for 1 0 minutes or more and 
130 minutes or less as the hydrogen content (volume %) of a controlled atmosphere is under 5 volume %, having not 
performed actuation with a normal transistor was checked. 

[0043] This is because termination of the dangling bond which exists in p type silicon substrate 1 fiont face cannot be 
thoroughly carried out by hydrogen, but the trap of the electron is carried out to this dancing bond tfiat has not canied out 
termination during actuation of a transistor and threshold voltage varies. Next, at the same process as said example, heat 
treatment temperature was performed as 450 degrees C at the process shown in drawing 8 , and it carried out as conditions 
which show the hydrogen concentration (volume %) and heat treatment time amount of a controlled atmosphere of heat 
treatment in this temperature in a table 1 . Gate length =0.5micrometer, gate width = the 1 5-micrometer semiconductor device 
was manufactured. 

[0044] Next, the hot carrier life of the semiconductor device with which this heat treatment was perfonned was investigated by 
the same method as the above. This result is shown in a table 2. 
[0045] 
[A table 2] 



(HEAT TREATMENT TEMPERATURE=450''C) 



HEAT TREATMENT TIME 


5 MINUTES 


1 0 MINUTES 


130 MINUTES 


150 MINUTES ■ 


^ VLiLUIvIt 70 




X 


X 


X 


5 VOLUME % 


X 


1 5. 5 YEARS 


1 Z 5 YEARS 


4. 3 YEARS 


2 0 VOLUME % 


X 


I 2. 5 YEARS 


1 1. 3 YEARS 


2. 8 YEARS 


2 5 VOLUME % 


g, 4 YEARS 


4 3 YEARS 


2- 5 YEARS 


1. 5 YEARS 



[0046] A table 2 to heat treatment temperature is 450 degrees C. A hydrogen content (volume %) The semiconductor device 
(semiconductor device concerning this invention) which used the controlled atmosphere which is below 20 volume % more 
than 5 volume %, and f)erformed heat treatment for 10 minutes or more and 130 minutes or less Although the hot carrier life 
fell a littie compared with the semiconductor device (result of a table 1) whose heat treatment temperature is 350 degrees C, a 
hot carrier life is ten years or more, and it was checked that it can fully be equal to a actual activity. 

[0047] This is also because termination of the dangling bond which exists in p type silicon substrate 1 fix)nt face being 
thoroughly carried out by hydrogen, and excessive moisture invading from the outside into gate oxide 5 after this termination, 
and becoming hydrogen was prevented. On the other hand, even if heat treatment time amount fulfilled the conditions for 10 
minutes or more and 1 30 minutes or less as the hydrogen content (volume %) of a controlled atmosphere is under 5 volume %, 
having not performed actuation with a normal transistor was checked. 

[0048] This is also because termination of the dangling bond which exists in the interface of p wells 2 and gate oxide 5 cannot 
be thoroughly carried out by hydrogen, but the trap of the electron is carried out to this dangling bond that has not carried out 
termination during actuation of a transistor and flireshold voltage varies. Next, at the same process as said example, heat 
treatment temperature was performed as 300 degrees C at the process shown in drawing 8 , and it carried out as conditions 
which show the hydrogen concentration (volume %) and heat treatment time amount of a controlled atmosphere of heat 
treatment in this temperature in a table 1. Gate length =0.5micrometer, gate width = the 15-micrometer semiconductor device 
was manufactured. 

[0049] Next, the hot carrier life of the semiconductor device with which this heat treatment was performed was investig3ted by 
the same method as the above. This result is shown in a table 3. 
[0050] 
[A table 3] 



(HEAT TREATMENT TEMPERATURE=300''C) 



HEAT TREATMENT TIME 


5 MINUTES 


10 MINUTES 


130 MINUTES 


150 MINUTES 


2 VOLUME % 


X 


X 


X 


X 


5 VOLUME % 


X 


X 


X 


X 


2 0 VOLUME % 


X 


X 


X 


X 


2 5 VOLUME % 


X 


X 


X 


X 



[0051] From a table 3, it was checked that the semiconductor device which heat-treated at 300 degrees C had not performed 
actuation with a normal transistor even if heat treatment time amount fulfilled [ the hydrogen concentration of a controlled 
atmosphere ] the conditions of 10 minutes or more and 130 or less minute ** more than 5 volume % and below 20 volume %. 



This is because termination of the dangling bond which exists in the interface of p wells 2 and gate oxide 5 cannot be 
thoroughly carried out by hydrogen, but the trap of the electron is carried out to this dangling bond that has not carried out 
termination during actuation of a transistor, and threshold voltage will become large and will not carry out normal actuation, if 
heat treatment temperature is low beyond the need. 

[0052] Next, at the same process as said example, heat treatment temperature was performed as 500 degrees C at the process 
shown in drawing 8 , and it carried out as conditions which show the hydrogen concentration (volume %) and heat treatment 
time amount of a controlled atmosphere of heat treatment in this temperature in a table 1 . Gate length =0.5micrometer, gate 
width = the 1 5-micrometer semiconductor device was manufactured. Next, the result of the semiconductor device with which 
this heat treatment was performed is shown in a table 4. 
[0053] 
[A table 4] 



(HEAT TREATMENT TEMPERATURE=500°C) 



HEAT TREATMENT TIME 


5 MINUTES 


10 MINUTES 


130 MINUTES 


150 MINUTES 


2 VOLUME % 


X 


X 


X 


X 


5 VOLUME % 


X 


X 


X 


X 


2 0 VOLUME % 


X 


X 


X 


X 


2 5 VOLUME % 


X 


X 


X 


X 



[0054] Wiring having disconnected the semiconductor device which heat-treated at 500 degrees C, and having not performed 
actuation with a normal transistor fiiom a table 4, was checked. When this has a high heat treatment temperature beyond the 
need, it is for a void to occur by the stress migration. As mentioned above, in order to manufacture the semiconductor device 
which was equipped with ten years or more of long hot carrier life, and was excellent in electrical characteristics fix)m the result 
of a table 1 thru/or a table 4 Before forming the silicon nitride 21, the mixed gqs which consists of hydrogen and nitrogen and 
contains the hydrogen concerned in the range below 20 volume % more than 5 volume % as a controlled atmosphere is used. 
At the temperature of 350 degrees C or more and 450 degrees C or less It was proved that it is required to perform heat 
treatment for 10 minutes or more and 130 minutes or less. 
[0055] 

[EflFect of the Invention] As explained above, according to the manufecture method of the semiconductor device concerning 
this invention Before forming a silicon nitride, the mixed gas which consists of hydrogen and nitrogen and contains the 
hydrogen concerned in the range below 20 volume % more than 5 volume % as a controlled atmosphere is used. At the 
temperature of 350 degrees C or more and 450 degrees C or less Since heat treatment for 10 minutes or more and 130 minutes 
or less is performed, together with the hydrogen contained in a silicon nitride as the maximum upper layer of a protective coat, 
termination of all the dangling bonds that exist in a semiconductor substrate front face can be carried out thoroughly. For this 
reason, while the outstanding mutual conductance is obtained, the stable threshold voltage can be obt£iined. 
[0056] Furthermore, by forming a silicon nitride as a protective coat, after carrying out termination of said all dangling bonds, 
in order to prevent trespass of the moisture fix>m the outside, moisture decomposes and the amount of hydrogen does not 
increase a silicon nitride. For this reason, the relation of said dangling bond and hydrogen can be held semipermanently. 
Consequently, the semiconductor device whose hot carrier life was equipped with the outstanding electrical property and 
improved can be offered. 
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[Brief Description of the Drawings] 

[Drawing 11 It is the fragmentaiy sectional view showing a part of manufacturing process of the semiconductor device 
concerning one example of this inventioa 

(Dravsdng 21 It is the fiagmentary sectional view showing a part of manu&cturing process of the semiconductor device 
concerning one example of this invention. 

IDrawing 31 It is the fragmentaiy sectional view showing a part of manufacturing process of the semiconductor device 
concerning one example of this invention. 

[Drawing 41 It is the fiagmentaiy sectional view showing a part of manu&cturing process of the semiconductor device 
concerning one example of this inventioa 

[Drawing 51 It is the fragmentary sectional view showing a part of manufacturing process of the semiconductor device 
concerning one example of this inventioa 

[Drawing 61 It is the fragmentary sectional view showing a part of manu&cturing process of the semiconductor device 
concerning one example of this invention. 

[Drawing 71 It is the fragmentaiy sectional view showing a part of manu&cturing process of the semicondiKtor device 
concerning one example of this invention. 

[Drawing 81 It is the fiagmentaiy sectional view showing a part of manu&cturing process of the semiconductor device 
concerning one example of this inventioa 
[Description of Notations] 

1 Silicon Substrate 

2 P Wells 

3 Channel Stepper 

4 Field Oxide 

5 Gate Oxide 

6 Polyciystalline Silicon Film 

7 Gale Electrode 

8 Sidewall 

9 Silicon Oxide 

10 N - Diffiision Layer 
UN- Diffiision Layer 

1 2 N+ DiflEiision Layer 

13 Source 

14 N+ Difiusion Layer 

15 Drain 

16 Silicon Oxide 
17BPSGFilm 
18 Contact Hole 
19\Wring 
20PSGFilm 

21 Silicon Nitride 

22 Passivation Film 
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